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ON THE CLINICAL SIGNIFICANCE OF THE PENTOSE CYCLE

/Following 1s the translation of an article by
Trzhil Shonka (Prague) entitled "O Klinicheskom
Znachenii Pentozovogo Tsikla" (English version
above) in Klinicheskaya Meditsina (Clinical
Medicine), Vol. 38, No. 7, July 60, pages 3-12.7

F?om the 3rd Therapeutic Clinic (Dir. -- Academi-
cian I. Kharvat) Karlov Unlversity

Although only a few years have passed since the dis-
covery of the pentose cycie, today, all issues of blochemical
journais contain one or more works devoted to this problem.
At first, even the blochemists thought that the pentose
cycle was a freak of nature characteristic of only a few
microorganisms, and of no significance; however, 1t has
turned out that this cycle 1s observed in tissues of a great
variety of organisms. It was further eliclted that although
the pentose cycle from the point of view of the amount of
glucose metaboliczed, is insignificant as compared with anae-
robic glycolysls, nevertheless 1t has great importance 1in
pathology.

Heretofore, medical opinlon has ignored this discovery
In seeking solutions of corresponding proklems. This neglect
is due in part to the negative attitude of some medical bilo-
chemlical laboratories which do not recognize the existence of
the pentose cycle in mammalian tissues. For instance, at the
Cardiologlcal Conference in Garakhovo (June 1958), where new
trends in the study of the pentose cycle should have been
dealt with, these were considered not of vital importance.

We are of the opinion that it 1is precisely at such conferen-
ces that a study of new trends should be discussed and that

discussion should not be limited to the repetition of long-

known facts described in textbooks.

Biochemical data

In this review we shall not dwell in detall on bio-
chemical processes, but only polnt out the essence of glucose
metabolism.




After the requisite initial phosphorylation of glucose
oh the sixth atom of carbon, the splitting of glucose can
proceed-in two ways: via known anaeroblc glycolysis (accord-
ing to Embden, Meyerhof, Parnas and via oxldation. The name
for the latter, new way of glucose splitting has not yet
been established, and in the llterature we come across such
terms as "direct oxidation process.” "shortened oxidation of
glucaese" (shunt), "decarboxylating oxidation of glucose-6-
phosphate,”" "oxldation cycle of glucose-b6-phosphate,"”

"pentose cycle,” etc.). We employ the last designation,
since it conveys well the essence of the process. The
glucose-6-phosphate 1s oxidized by dehydrogenase into glucono-
6-phosphate, which in turn undergoes further oxidation under
the influence of another dehydrogenase into a 3- or 2-keto-
glucono-6-phosphate; simultaneously, a spontaneous decarboxyla-
tion of ketogluconophosphate on Cq takes place, and the iso-
merization leads to the formation of pentoses, riboso-ribuleso-
and xylulose-5-phosphate. The coenzyme of both dehydrogenases
i1s triphosphopyridine nucleotide (TPN), which is deoxidized

to TPNH.

During further stages, a rearrangement of remnants of
the two pentose-phosphate molecules takes place in such a way
as to form a glucose-6-phosphate which is again decarboxylated
by the two aforementioned dehydrogenases. The corresponding
enzymes are transaldolasse and transketolase. Schematically,
this gradual oxidation of residues of pentose-phosphates
appears as follows:

5 + 5 — T7C +3C
COo
7C + 3C —~—= UC+ 60 —> U4C + 5C
7602
4o + 5 —» 3C + 6C —= 3C + 5C
Thus, in addition to triosephosphate, there are formed
sugars heretofore uncommon in the bilochemistry of mammels,
that are characterized by seven carbon atoms (sedoheptuleso-
phosphates) and four carbon atoms (erythrosophosphates). In

our previous work the problems of the blochemistry of the pen-
tose cycle were analyzed in more detail (Sonka, Cernoch).

Role of the pentose cycle in the dynamics of the organism

The question of the role in the utilization of glucose
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blayed by the pentose cycle has interested biochemists for

‘several years. In the first works relating to this subject,

published in 1955-1956 (Wenner, Bloom, Bernstein), 1t was
calculated, on the basis of studies of labeled glucose-6-
phosphate on the first, second and sixth atoms of carbon,

that 50 percent of glucose utllized in rat's liver 1s oxldized
thréugh the pentose cycle. At the beginning of 1956, by

means of perfected methods of calculation and the use of more
complex methods, it was demonstrated that seven to ten percent
of the oxidation 1s accomplished by the pentose cycle (Ashmore,
Katz, Wenner).

If we study the fate of labeled glucose in the organism
not only from the points of view of oxidation and CCp forma-
tion but also as to its inclusion in other types of molecules,
i1t becomes evident that, out of 100 glucose molecules, two
are oxidized through the pentose cycle, 18 are included in
glycogen, 55 are hydrolyzed up to giucose and enter the
blood stream, and 25 are Gestroyed through anaercblc glyco-
lysis (Sonka). Such a small role of the pentose cycle in
glucose metabolism does not, hcwever, diminish the significance
of this process. Undoubtedly, the main sources of energy in
giuccse metabolism are anaerobic glycclysis and CKC; however,
the pentose cycle, as we shall see later, fulfills specilal
tasks. Purthermore, the enzyme activity of the pentose cycle
under physiological conditions is not uniform in varlous
tissues, and it 1s subjectsd to the influence of various
activators and inhibitors in the same tissue. It 1s signifi-
cant, for instance, that the enzyme actlvity of the pentose
cycle (in relation to the total utilization of glucose by
corresponding tissues) is almost zero in the skeletal muscu-
lature, and in the brain, 1t is insignificant (Glock, A. P.
Barkihash and M. Ya. Timofeyeva) or zero (Wenner), vhereas
myocardium (Rudolph and Olsen) possesses pentose cycle acti-
vity analogous to that of the liver (Wenner, Glock and Kelly),
kidneys (Wenner), retina, crystalline lenc {V. A.Engel'gardt
and A. P. Barkhash). The highest activity was observed in
certain genital o»gans (Rudolph and Olseng and especially in
the lymphatic tissue and thymus (Kit, Wenner), suprarenal
cortex (Kelly, Glock), and in the ovary and mammary gland
during lactation (Glock).

Hormones and endocrincpathology

1. lucocorticolds and ACTH. In some of our works we
called attention to the increased activity of the pentose
cycle in the erythrocytes of patients with surglcal traumas,
myocardial infarct, pulmonary infarct, etec. (Sonka, Dubovsky,
Palek). We cbserved also an increased actlvity of the pentose



cycle in the erythrocytes of rats with advanced anoxla
(Kopecky) and-in erythrocytes of schizophrenic patlents
during a hypoglycemic coma (Palek). It was assumed that we
were dealing here with a nonspecific activization of the
suprarenal cortex which could influence the pentose cycle of
glucocorticoid formation. It turned out, however, that the
use of cortisone in vivo has no effect on the pentose cycle,
whereas ACTH employed in vivo causes a marked increase of
activity in the intact incubated cells; hsmolysates and homo-
genates do not react to ACTH (Sonke, Kalousek, Dubovsky,
Palek). These results correspond to the fact that ACTH actl-
vates phosphorylase in the suprarenal cortex only in whole
organs or sectlons, and bot in homcgenates (Drew). It is
also stated In that work that the biosynthesis of glucocortl-
coids is possible only through ll-hydroxylase, the coenzyme
of which is TPNH; TPN, in a reduced form, maintains the pen-
tose cycle activity, as is proved by the high actlvity of the
pentose cycle in the suprarenal cortex (Kelly).

Thus, ACTH changes the phosphorylase activity of the
suprarenal glands as well as the activity of other enzymes
and, most probably, it Influences both dehydrogenases of the
penteose cycle; this effect occurs not only in the suprarenal
cortex but, to a certaln extent, in some other tissues as well
(erythrocytes). Researchers who proceeded from analogous
preuises but worked with homogenates (Glock, Rudolph) did not
observe the activating effect of ACTH on the pentose cycle.

2., Thyroxin. In vivo thyroxin causes activation of
anasrobic glycolysis and the pentose cycle in llver homogenates
(Glock) and in rat erythrocytes (Palek). In patients with
thyrotoxicosis there was observed an increased activity of the
pentose cycle in erythrocytes. It is important to note that
TPNY is essential for the transformation of phenylalanine into
tyrosine. This means that the pentose cycle influences the
formation of thyroxin (Wolin). The use of methylthiouracil
led to the normallization of the pentose cycle.

3. Estrogens and androgens. Estrogens and androgens
had no effect on the pentose-cycle activity elther in women
during the post-climacteric period (Palek), or in male ratse
undsrgoing castration (Dubovsky). In contrast to this, Rudolph
and Jisen think that estrogens and androgens exert an indirect
activating influence on the pentose cycle.

4, Physiological and pathological growth (tumors).
Fast-growing tissues utilize a large quantity of nucleotides.
Ribose for ribonucleic acid comes from the pentose cycle;
desoxyribose, on the contrary, is formed first of all 1In the
synthesis of 2C and 3C fragments of glucose (G. A. Kritskiy).
However, Bernsteln noted 1n an experiment on chicks that ri-
bose for fibonucleotides is formed apparently via synthesls of
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Blucose fragments rather than from decarboxylation of glucose.
Indeed, it has been proved that the younger the tissues, the
more pronounced is the activity of the pentose cycle. This
is 1llustratéd by the work of Kral who studied the pentose
cycle. “:Thig 'is illustrated by the work of Xral who studied
the pentosge ‘cycle activity in the growing eggs of a sea urchin
and demonstrated that, as differentiation progressed, there
was a gradual decrease in the amount of glucose affected by
the pentose cycle, down to an amount characteristic for an
adult organism. Analogous phenomena are observed also 1n
regenerating tissues (Touster). It is necessary to note that
in plants, in contrast, the pentose cycle plays a secondary
role in meristems where growth 1s most intense, and that the
cycle is observed only in differentiated plant tissues (G. A.
Kritskiy), primarily in the so-called preclimacteric phase of
fruit ripening.

The activity of the pentose cycle enzymes can be
proved to increase also during the malignant growth of tissues.
In this connection it 1s necessary first to recall the work
of Menks, whose methods, however, were not satlsfactory. On
two occasions we studled thils problem, and found that the
erythrocytes of cancer patients (with the exception of bron-
chogznic cancer patlents) form from glucose an increased
emount of ribose, as well as sedohentulose. Our data con-
firmed other work which demonstrated a higher activity of the
pentose cycle directly in the homogenates of varlous experi-
mental tumors of rats (Villakicencio, Kit, Wenner, Abrsham,
G. A. Kritskiy).

The abnormal metabollsm in cancer and leukemla pa-
tients 1s observed also in cells not connected with the tumor
(erythrocytes); hence we are dealing here with either a
humoral regulator (ACTH load) or a metabclic change caused
by the effect of the carcirncgenic virus on the organism; it
is known that some forms of viruses and bacterlophages can
inhibit glycolysls in bacteria, and thus indirectly stimulate
the pentose cycle {Cohen). Bacteria affected by the virus
are compelled to produce another type of nucleotide than the
one they need. For example, E. colil, affected by a bacterio-
phage, produces ribonucleotides characteristic of the bacterio-
phage, 1lnstead of desoxyribonucleotides. Another factor in-
creasing the pentose cycle activity in cancer patlients could
be the consliderable need for ribose for the rapid formation
of ribonuclelc acid.

The effect of cytostatic substances has been utilized
up to the present only from the point of view of blocking the
synthesis of the purine or pyrimidine nucleus of the nucleo-
tidss; however, 1t has not yet been determined whether these
substances exert an inhibiting effect also on the process of
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Fformation of ribose from desoxyribose, the other component

of nucleotides.

- ~ 'A more active pentose cycle In tumor tissue could also
explain”the Pasteur effect (Sonka).

- 5. Insulin. Insulin in vitro does not affect the
pentose cycle 1n erythrocytes; in vivo administration of 20
units of insulln to healthy individuals also has no effect
on the activity of the pentose cycle in erythrocytes; however,
administration of 100 to 140 units of insulin to schizophrenic
patients conslderably activates the pentose cycle in erythro-
cytes but not in hemolysates (see effect of ACTH). Anti-
diabetic sulfanilamide preparations, which in vitro and in
vivo do not cause any marked hypoglycemla, do not affect rats
(Palek). 1In elderly dlabetic patlents the activity of the
pentose cycle in erythrocytes was normal or slightly diminished;
in contrast, in young individuals in ketosls or even coma,
pentgse'cycle activity was observed to increase (effect of
ACTH) .

Pentose cycle and liposynthesis

The processes of synthesis end disintegration of fatty
aclds were clarifled by the discovery of the Linen cycle of
fatty acids. Here, too, the pentose cycle acts as a regu-
lator (Milsteln, Touster Hollmen), in changing within the
medium the ratio of TPN to TPNH, which represents the co-
enzyme of the reaction aggtate-crotonyl-&CoAﬂ"TPNH7‘TPN +

butyrylﬁ~CoA.<§£gg§gs%g;1n . If there 1s a predominance of

TPNH in the medium ( that is, 1f the pentose cycle is active

a liposynthesis takes place; if there is a predominance of

TPN the pentose cycle 1s inactive and the fats disintegrate.

In corespondence with this discovery, Slivovski, working in

our laboratory, detected an increased activity of the pentose
cycle in the erythrocytes of obese women. We are investigating
at present the effect of various methods of treatment of
obesity on the activity of the pentose cycle. The discovery

of nontoxic Inhibitors of thils cycle would open up & new

path in the treatment of obesity; thus far, however, we have
succeeded only 1in clarifying one of the causes of weight
increase in hogs, followlng administration of antibiotics: scme
antibiotics notably terramycin and ambramycin) substantially
increase the utllization of glucose in erythrocytes, mainly
through the pentose cycle. Here we are dealing not with the
destructlion of the parasitic bacterial flora in the intestines,
the effect usually ascribed to antibiotics, but with a non-
speciflc effect on the corresponding enzymic systems (Kohoutek).
Sometimes this effect causes also a sudden increase of welght
in patients who had been glven antibilotics for sonme insignifi-
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cant disease.

Muscular activity

- We thought that marked musculer tension might serve
as & load increasing the activity of the pentose cycle.
It turned out, however, that skeletal muscles do not contain
pentose cycle enzymes, and that the glucose 1s split in this
instance exclusively by means of glycolysis. In the erythrocy-
tes of horses after intense muscular exertlon, and in those
of rats compelled to swim, we observe a similar result,
namely activization of glycolysls and depression of the pentose
cycle. However, in track athletes we observed, in lsolated
cases, the reverse reaction (Kalousek). We pointed out in
the discussicn that the atyplcal biochemical reaction to
muscular tension may represent either the result of over train-
ing or a manifestation of individual characteristics which do
not favor the achievement of best athletic results without
endangering the health of the record-seeker. We had great
difficulty In finding athletes for this study.

Because of its importance, this work deserves to be
continued by some institute of physical culture where a large
nurber of athletes would be avallable for puncture of a vein
following a standard athletic exertion.

C0o fixation in mammals

Inclusion of CO2 within large molecules has been con-
sldered, until recently a unique characteristic of green
plants (photosynthesis). It has been proved, however, that
mammalilan tlssue alsc may contain COp within the mplecules.

For egample,lgxperiments have demonstrated that 014-Tagged
blcarbonate [tagged C02%7 administered intravenously, appears
in milk in molecules of~sugar, amino aclds and fat (Sonka).

The 002 fixatlon takes place at the pentose-phosphate stage,

so that actually we are dealing here with a reverse pentose
cycle (Jacoby). 1In principle, photosyathesis proceeds along
the same lines as the pentose cycle but In the opposite
directlion. In plants there is observed, in addition to
anaerobic glycolysls, pentose cycle activity regulated simllar-
1y to that in animals. Thus, for example, we are unable to
prove that the pentose cycle in meristems 1z manifested only

in differentiated tissue (Stoppani). The rise of activity

of the pentose cycle In fruilts during the so-called preclimact -
eric phase 1s notable. The collected fruits lose their green
color, become softer, and acquire thelr characteristic taste
and flavor. At thls stage there is an increase in utilization

-7 =




of 0, and elimination of COp. There 1s a temporary increase
i pentose gycle actlvity which 1s explained by the fact that
1t 1s essentiael durlng the preclimacteric perlod for the
synthesls of isome substances characteristic of the ripe frult.
The pentoseicycle 1s also needed for the maintenance of a co-
rrect ratlo between L-ascorbic and dehydroascorbic acid In
plants (Mar#e),

Chemotherapeutic substances

It 1is possiblie that some medicinal substances commonly
employed act precisely through the pentose cycle, for example,
the aforementioned hormones, cystostatic substances, anti-
biotics and antidiabetic sulfanilamide preparatlon. In this
section we shall return to antiblotics, and we shall also
discuss several groups of chemotherapeutic substances.

Besides the fact that some antibilotics enhance the
process of glucose utilizatlon through the pentcse cycle,
it 1s necessary to remember that a number of microorganisms
recelve thelr energy from glucose only or malnly through
the pentose cycle. This problem was studied in general
by De Ley who established thet the specles Aerobacterium
Escherichia, Paracolobacterium, Serratla, Kiebsiella,
Salmonella, and Enterobacterialae utilize gliucose mainly
through the pentose cycle, whereas in the Proteus Erwinila
specles the pentose cycle plays a less important role. The
literature in this respect 1s very extensive; we cite here at
random several other specles of mlcroorganisms which contailn
pentose cycle enzymes: Corynebacterium creatcovorans, Aceto-
bacter suboxydans, Aspergllius nliger, Sarcinallutea, Lacto-
bacillus pentosus, Pseudomonas fluorescens, Sacharoflla, B.
subtilis, Proplonibacterium pentosaceunm, as well as yeast
fungi (Torule utilis), etc.

The above 1s true also of viruses 1In cases vhere, de-
pending on the type of virus, the metabolism of the affected
host cells also undergoes change. It 1s possible that in
some virus dlseases a change takes place glso in the manner
of glucose splitting In the affected tlssues.

Studies have been also carrled to eliclt the pentose
cycle 1n parasites. It has been found that Tripanosoma
rhodesliense has no enzymes (Grant). However, in 1lnsects
(Musca domestica) the thoracid flying muscles utilize a
conmplex pentose cycle, and the effect of some insecticides
is precisely to block thls cycle. Also, some fungicldes
(ethylenethiuram, for exampie) exert a specific inhibiting
effect on the dehydrogenases of the pentose cycle (Chefurka).

We have been pursuing also the effect of largactyl on
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the pentose cycle. It was elicited accidentally that in the
erythrocytes of parturient women who had received this pre-
paration there was a considerable diminution of the utiliza-
tion’ of glucose by both methods (Steganovskj). We checked
this-effect later on rats (Kalouskovd). Some of the sub-
stances were tested only accidentally, but it 1s our opinion
that it would be worthwhile to examlne all substances which
exert some influence on the metabolism, even 1f they seem to
have no effect whatever on the metabolism of glycides. It
would be expedient to clarify the effect of cytostatic, anti-
helminthic, deintoxlcating, and antirheumatic substances, etc.
It is possible that the effect of some of them 1s due precisely
to the inhibition or activation of the pentose cycle, which
manifests itself In changes in the concentrations of TPN,
TPNH, SH~SS and other substances subseguently affecting the
metabolism. '

We must also mention the SH-substances that enter into
the compositlion of some enzymes (and also TPN-dehydrogenases)
and are found also in protoplasm in a free state. Their
hydrogen 1s very mobile and, by virtue of the fact that they
may be oxidized or reduced rapidly, they contribute to the
maintenance of the redox potential. It 1s possible also that
they participate in the transfer of hydrogen in certain oxi-
dation processes. The SH-substances are very sensitive to
certain "poisons" (heavy metals, for instance), while in an
anaeroblc medium they tend to become oxidized. In deoxidized
form they are retained mainly by the pentose cycle dehydro-

enases (Backer, Beutler), and possibly also by glucocorticoids
Wenner); conversely, they affect the pentose cycle by acceler-
eting it.

The practical significance of SH-substances has grown
in connection with a report that deoxidized SH-substances may
be used as protection from ionizing radiatlon. The question
arises as to whether the pentose cycle participates here in
the deoxidation of SH-substances.

Vitamins

The relatlon of vitamins to the pentose cycle is of
interest. Thiamine acts as & KO-transkelotase, and an accumul -
ation of pentoses in the medium results (Huennekens). Also,
L-ascorblec acid, which originates in connection with the pen-
tose cycle, may 1itself influence the activity of the pentose
cycle in tissues {through the correlation between ascorbic acid
and dehydroascorbic acid). This fact explains the high concen-
- tration of Vitamin C in the suprarenal cortex observed concurr -
ently with the high activity of the pentose cycle enzymes (see
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also the section on COp fixation).

Blood conservation

An erythrocyte cannot be regarded as a desd formation
contalning hemoglobin which transfers oxygen 1ln a purely
automatie way. An intact erythrocyte must, during the ' few
months of 1tg existence in medla with different cncotié¢ pre-
ssures, maintain 1its form and potassium level, prevent the
penetration of sodium, renew its surface as 1t wears out
mechanically, etc. In order to perform these tasks, the
erythrocyte needs energy which it obtalns vie amblent splitting
of glucose. Therefore in blood transfusions, the conserving
fluids, which contain glucose, substantially prolong the life
span of the erythrocytes introduced. Until now 1t was thought
that the erythrocytes split the glucose by means of glycolysis,
and thus the presence of dehydrogenases of the pentose cycle
was considered to be of little practlcal signiflicance. Recent
reports that the addition of certaln nucieotides substantially
Increases the storage perliod for conserved blood agaln stim-
ulated Interest Iin the pentose cycle of erythrocytes. It was
discovered that "plrunriboside" /purinriboside?/ is split into
purline and ribose-l-phosphate, the intermedlate product of the
pentose cycle {Huennekens). Another substantial proof was
the discovery of methemoglobin reductase, an enzyme which
transfers hydrogen from TPNH to methemoglobln, and thus re-
generates hemoglobin. The sole prcducer of TPNH in erythro-
cytes 1s the pentose cycle; this means that the latter plays
a part in enhancing the vitality of erythrocytes (James).
Finalily, it 1s noteworthy aiso that, thanks to TPNH, the ery-
throcytes are able to renew the liplds in thel» membranes. In
exanmining new conserving mixtures, 1t will be necessary to
test malnly those actlvators of the pentose cycle which trans-
fer hydrogen, for example, methylene blue and SH-substances.

Pentosurila

Of Independent significance 1s the so-called 1diopathic
pentosuria. Cliniclans have devoted many reports to this
disease, but the biochemical bases of this metabolic distur-
bance, which frequently affects whole families, have not been
known until now. After time-consuming snalyses, which often
led to contradictory results, the concluslon has finally been
reached that we are dealing, in a considerable number of pen-
tosurla cases, with an L-xylulose (2-ketoxylose). This sugar
originates, agparently, durling the oxidation of D-glucuronic
acid (Touster) or during the incomplete transformation of L-
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xylulose into xylytol (Hollman), the intermediate stage between
L- and D-xylulose; D-xylulose thus represents the normal meta-

bolite of the pentose cycle.

Conclusion

Though the pentose cycle has been discovered coumpara-
tively recently, already a number of clinlcal problems conn-
ected with 1ts presence are belng formulated. Among these
are (1) effect of ACTH on the pentose cycle and hydrocortlsone
synthesis; (2) the activating effect of thyoxin on the pentose
cycle and the effect of the latter on cholesterin blosynthesis;
(4) the regulating effect of the pentose cycle on the biosyn-
thesis of fats; (5) the relation of the pentose c¢ycle to micro-
organlsms, infections and antiblotics, funglcides and lnsecti-
cides; (6) the effect of certaln chemo-therapeutlc substances
(ganglioplegic) on the activity of the pentose cycle; (7) the
pentose cycle and lonizing radiation; (8) the pentose cycle
and blood conservation; (9) pentosuria; (10) photosynthesis
in plants.

The aforementioned problems are, in the majority of
cases, In the stage of initiael study and will requlre syste-
matic investligation. We do not recommend the use of radilo
lsotopes in clinlcal studies on human erythrocytes.

Appendix

The study of the pentose cycle, which until recently
had been the exclusive concern of blochemists, was carried out
on tissue homogenates (at first on rat liver homogenates),
as well as vla administration of labeled glucose or its de-
rivatlives to rats. The correlation of the data obtained with
medical data has met with wethodological difficulties. True,
hepatologists (E. Schmidt and F. Schmidt) are trying to as-
certaln the activity of pentose cycle enzymes in liver pun-
ctates 1n their patients, but this method of obtalning material
for enzymlc study is unfit for general use in practice; still
more diffliculties would be encountered in the use of this
metinod for the study of changes In pentose cycle activity over
brief perlods of time, for example, after certaln stresses
(administration of glucose, hormones, etc.g. The study avall-
able blochemical materials (urine or serum) did not appear
promising to us nevertheless, in 1953 we began studying the
pentose cycle in humans after having dlscovered accldentally
an Increased quantity of pentoses in the urine of individuals
who had been given ACTH (Sonka). However, taking into account
the difficulty of standardizing the concentration of the urine
and the elimination of sugars and enzyies, we gave up searching
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for a methog based only on urine analysis. N o

Menkes and Peleman demonstrated that the Blood serum
of cancer patlents splits ribose and some other pentoses
abnormally rapidly {(aelthough they were not aware of the ex-
istence of the pentosse cycle and attempted to utllize these
facts for the dlagnosis of malignant tumors). Thelr works
were subjected to criticism, and it was polinted out that not
all cancer patients have a pronounced pentolysls and that
therefore thils could not be used as a test (Kubovitz, Roe).
Menkes and his critics, in thelr search for a rellable
"diagnostic test' for cancer, did not notlce the true signifi-
cance of the existence of a more active pentose cycle in
cancer patlents.

. In view of the aforementioned methodological difficul-
tles, we turned to the study of erythrocytes 1n regard to
which, In addition to anaeroblc glycolysls, the presence of
certalin enzymes of the pentose cycle has already been proved
(Bruns,Warburg). It 1s necessary to point out that anaerobic
glycolysis In tkhe erythrocytes terminates with accumulation of
2,3-diphosphopyruvate and lactate (Gousley); in this connection,
only certaln vestigial enzymes of the cltric acid cycle remains
in mature erythrocytes (Spicer). The possibllity is not ex-
cluded that erythrocytes contain only enzymes of the gliooxy-
late cycle (V. A. Engeligardt).

In the course of time we established the following
recommended working method, the details of which have been
published (Kalousek, Palek). Venous blood is collected in
test tubes treated with heparin. Following centrifugation,
the plasma and upper layer of leucccytes are removed. The
erythrocytes then are washed twilce in a phosphate buffer
(PE 7.4%) with a physiological solution and, after centrifuga-
tion, the upper erythrocyte layer is removed. After this,
one ml of the erythrocyte suspension (hematocrit 80) is in-
-cubated in a washing solution to which giuccse is added up
to a concentration of 120 mg-percent. From part of this
susapension the proteins of trichloracetic acid are removed
immediately, while the other part, after vigorous sheaking
(saturation with oxygen), 1s incubated in & thermostat at 37°
for three hours, after which the proteins are removed by the
same method.

We extracted phospho-sugar for 12 hours at a tempera-
ture of one degree, and then determlined the decrease in glu~
cose and increase in ribose contents in the incubated and the
control specimens by means of the Blal reaction as modified
by Meybaumova; then we measured the absorption maximum on
the Coleman Gun spetrophotometer at wavelengths of 540 m and
680 m. We eliminated the posslble coincidence of both stained
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complexes by means of Knudson's equation with two unhknowns.
On the basis of the data thus obtained, we calculated the
coefficient R/ X 100 (R quantity of ribose formed G quantity

G v

of glucose metabolized in one ml of incubated erythrocyte
suspension during a three hour period; both quantities are
expressed in micromoles). The figures obtalned corresponded
with the data ‘of other authors in regard to the percentage
activity of the pentose cycle in the rat liver homogenates
and sections and in certain other tissues, and in the utlliza-
tion of Cl¥_.iaveled phosphorylated derivatives of glucose,
on the first, second and sizth carbon of the glucose molecule
(Ashmore, Wenner).

Finally, in the studles carried out with human ery-
throcytes, in which tagged atoms were employed, results
were cited for the pentose cycle and anseroblec glycolysis
which proved to be identical with our data (G. A. Kritskiy).
Our method enabled us to carry out a complex clinical study
of the regulating mechanism of the pentose cycle on repeated,
even serial, speclmens of metabollically active tissues in
the same 1ndividuals, although we were aware that the erythro-
cytes differ somewhat in their metabolism from hepatlc or
muscular cells, for instance, in the method of penetration
of glucose into the cells.
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